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ABSTRACT
Results leading to new information in this study 
can be partitioned. Insect pollinators of the sweet potato 
flowers in the breeding nursery were collected and identified. 
The honeybee was the most effective pollinating insect in the 
sweet potato breeding nursery, followed closely by the bumble­
bee. Honeybees and bumblebees exhibit feeding preference to 
those cultivars which flower most profusely. Seventy-three 
degrees Fahrenheit was the critical temperature for sweet 
potato pollinating insects in this study. The flowers of 
many breeding cultivars were put into distinct niches on 
the basis of color, size and position of the stamens. Cen­
tennial notably has its anthers below the stigma, and cross 
pollination is a virtual necessity. Eleven other cultivars 
in the breeding nursery have this condition. The chronicle 
of compatibility and incompatibility was expanded in this 
study. Centennial was found to be compatible with W15-2,
W51 and possibly L6-5, and of low compatibility with L3-66, 
L3-64, L3-217, L9-23, L9-29, L8-343, L9-192, L9-190, L9-163 
and L7-177. This study established that sweet potato
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incompatibility is usually a matter of degree and may depend 
on flower damage. A new facet of incompatibility was revealed 
in this study with the absence of embryos in the seeds of 
one progeny. Cultivars were identified as to insect resis­
tance. Heartogold and L3-64 showed resistance to all insects, 
e.g., banded cucumber beetle, pale striped flea beetle, 
wireworm, sweet potato flea beetle, sweet potato weevil and 
grub worm. In this study, cultivars with resistance to the 
sweet potato weevil were L3-64, Heartogold, PI 343851,
PI 343721, W2-361, W26-2, W19-2, W15-2 and W51. Cultivars 
were appraised in successive crosses for the heritability 
and combining ability of horticultural characters and insect 
resistance. Crosses with characters fixed to a degree in 
this study showed higher progeny means and heritabilities 
than a cross involving the wild type PI 343721.
New methods and procedures emerging in this study 
include the growth chamber for controlled crosses of sweet 
potato cultivars. An emasculation technique using a longi­
tudinal slit in the corolla was developed. This technique 
resulted in a higher capsule set and seeds per capsule than 
a technique previously employed. Pollen counts were made 
easier by a stigma maceration technique using aceto-carmine 
dye with an iron catalyst and a coversiip.
xi
New theories emerging in this study actually are 
restricted due to the great weight ascribed to the theory 
in the life sciences. In singulate form, the theory developed 
by this study is that the presence of the wild type sweet 
potato cultivar PI 343721 results in a higher percentage of 
progeny seedlings with purple skin and white flesh, whether 
it is considered in the control cross or the polycross.
This cultivar represents a regression to white flesh and 
purple skin. Unless specific compensatory genes are sought 
justifying the presence of the wild type, it is best omitted 
from the sweet potato breeding program.
Data in support of old working principles in this 
study include data in support of the polycross system of 
breeding. Progeny means, heritability and combining ability 
were high for progeny resulting from successive crosses of 
cultivars with fixed characters from the breeding nursery. 
Seedlings from progenies of same maternal parents from dif­
ferent breeding nurseries were compared using one from the 
polycrossed nursery as employed at Louisiana State University 
versus another nursery with the wild type. A substantially 
higher percentage of progeny fall within the acceptable range 
for most horticultural characters in the polycross nursery 
as employed at Louisiana State University.
INTRODUCTION
Did Adam have a navel? The umbilicus is evidence of 
previous developmental history of the human body. Thus, the 
principle of prochronic development or organic creation was 
proposed by Gosse in 1857 (12). To some observers, the 
umbilicus leaves distinctly traceable records.
In the vegetable kingdom, a group noted for its 
inability to establish its own chronicles, man was left to 
his own devices to establish the developmental history of 
this group. Accordingly, modern day vegetable breeders look 
to the genes and their manifestations referred to as horti­
cultural characters.
To what extent these horticultural characters are 
passed on to progeny is the central theme of this thesis.
This earthy heritage is mediated upon by environmental factors 
such as bumblebees, honeybees, temperature, and nimble­
fingered selection by plant breeders.
1
REVIEW OF THE LITERATURE
Central Role of Insects in the 
Polycross System of Breeding
Hernandez and Miller (1964) referred to the polycross 
system used at Louisiana State University. A large number 
of polycrossed seeds were obtained from each female parent. 
Insect pollinators are the agents of this effective system 
for sweet potato improvement.
Hernandez and Miller (1964) and Martin (1968) reported 
only honeybees and bumblebees to be pollinating insects.
Feeding Preferences of Insects in 
Sweet Potato Breeding Nurseries
Animal behavior studies include many of great appeal 
to the mind. These studies become the province of the 
horticulturist when one seeks to understand pollinating 
insects.
Von Frisch (1967) and Wenner and Johnson (1967) have 
a scientific controversy of the highest order over the feeding 
activity of honeybees, seeking to explain how and why these 
insects exhibit feeding preferences. These workers allude to
the difficulty of absolutely verifying any hypothesis, and 
point to the difficult task of adequate control in experi­
mental design. The honeybee, being a highly mobile creature, 
leaves these workers with many interim statements until 
better explanations are proposed. A selective feeding 
pressure in the breeding nursery favoring certain sweet 
potato cultivars is a real question raised by the work of 
Von Frisch (9) and Wenner and Johnson (56).
Effect of Temperature on Activity 
of Pollinating Insects
The principle of Q1(} is legend to biologists (58) . 
This becomes credible upon seeking to catch insects in the 
warm noon sunlight. With a temperature rise, insects are 
ephemeral and are lethargic with temperature drops. This 
basic principle, taken with actual pollen counts on the 
stigmas of emasculated flowers in the sweet potato breeding 
nursery, should shed some light on the predictability of the 
pollinating process.
Efficacy of Pollinating Insects
Hernandez and Miller (20) speak exclusively of 
honeybees and bumblebees as pollinators of sweet potato 
flowers. In an earlier publication (18), they concede by
inference the existence of other insect pollinators. Pre­
eminence is accorded to honeybees and bumblebees.
Varietal Differences in 
Floral Morphology
As early as 1893, R. H. Price (41) recognized the 
need to describe and classify American varieties of the 
sweet potato. Price classified varieties according to leaf 
shape, i.e., entire, shouldered or lobed. Groth (10) pro­
posed to classify the sweet potato according to key charac­
teristics using leaf shape, size, hair, veins, stem length, 
color, size, absence of a star, root exterior color, root 
flesh color, and wood elements. Thompson and Beattie (52) 
contended that environmental conditions negate the use of 
certain characters listed above, and they established two 
broad groups based on lobed or entire leaves. Stem charac­
ters were used to break down these broad groups still fur­
ther. Hernandez and Miller (19) pointed to differences in 
position of the stigma relative to the stamens.
Plant breeders concerned with the politics of eco­
nomic survival may one day seek patent rights on new sweet 
potato varieties. The details of description required to 
obtain patents are legend. Varietal differences in the 
sweet potato fleshy root are manifested in the literature (50)
Fleshy roots will be described in explicit detail by future 
releasing authorities. The wild counterparts of the sweet 
potato are described according to the stable basis of floral 
parts (43). Root description coupled with floral descrip­
tion would serve as genetic markers and the patent "type."
Early Sweet Potato Breeding
The impetus for improvement of the sweet potato 
through gene manipulation in the United States was provided 
by Miller (35). Hernandez (16) began the serious study of 
sweet potato genetic characters. Hammett (11), Constantin 
(5), Hernandez (21), Harmon (14), Newsom (37) and Pope (40) 
also conducted studies on sweet potato breeding and evalua­
tion in the southeast United States.
Major genetic characters of the sweet potato studied 
to date include skin color, flesh color, shape, fiber con­
tent, leaf shape, cortex thickness, fleshy root exterior 
and dry matter content (11, 5, 21, 16). Jones (25, 26, 27) 
reported on theoretical studies on quantitative inheritance 
of selected sweet potato traits. Li (29) reported on fleshy 
root yield and its components in the sweet potato.
Sexual Reproduction in the 
Sweet Potato
Sexual reproduction in the sweet potato lacks the 
consistency of its vegetative phase. Within the progeny of 
sexually reproducing sweet potatoes, many types atypical to 
the standard cultivars are to be found. Segregating seed­
lings from progenies of superior sweet potato varieties 
often reveal seedlings with thin, twining vines, small 
storage roots and variable flesh and skin color (32). The 
heterozygous condition of the sweet potato is legend. An 
outbreeding mechanism is necessitated largely by self incom­
patibility or failure of many cultivars to set seed when 
self pollinated (57). The work of Terao (51), Harmon (13), 
Fujise (8), Hernandez and Miller (19), Wang (53) and Martin 
(32) gives credence to the existence of cross incompatibility 
groups. In addition, Miller (35) pointed to the failure of 
sweet potatoes to flower under certain specific environmental 
conditions.
Martin (33) summarized the incompatibility complex 
in the sweet potato. Among the various causal relationships 
and effects reported by Martin's analysis were:
1. pollen germination failure.
2. failure of the pollen tube to reach the style
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or ovary; subsequently, no seed is produced.
3. production of poor seed which will not germi­
nate.
4. production of poor plants lacking in vigor. 
Hernandez and Miller (19) reported on the mechanics and 
importance of the control cross for establishing and study­
ing incompatibility groups and the mode of inheritance of 
genetic characters. The precedent is thus established for 
the continuing need to categorize breeding parents relative 
to cross and self incompatibility.
Capsule and Seed Set in Sweet Potato 
Cross Pollination
Coupled with other problems in the sexual reproduc­
tive process, the sweet potato averages 1.2 seeds per 
capsule (20, 1, 42). In fact, a variety was considered 
compatible if a twenty percent capsule set was obtained.
The limits of variance in the heterozygous sweet potato 
are great. Due to the hexaploid nature and large number 
of chromosomes in the sweet potato, large populations of 
seed are necessary to secure recombinations of good genetic 
characters and subsequently a desirable cultivar.
Polycross System of Sweet 
Potato Breeding
Hernandez and Miller (20) referred to the production 
of polycrossed seed. Insects were the agents that assured 
cross pollination in the polycross system. Each year selec­
tions are made from polycrossed seed, identified as to fe­
male parent and grown in a greenhouse bed for approximately 
one hundred fifty days at the Sweet Potato Research Center, 
Chase, Louisiana, a sweet potato weevil free area. Selec­
tions initially are made on the basis of flesh color, skin 
color, root exterior and vine type. Each seedling from the 
initial selection is planted into the field and evaluated 
and reselected again after approximately one hundred twenty 
days for all horticultural characters. After three years 
of selection pressure, replicated tests are conducted with 
selections of seedlings showing promise as future cultivars.
In essence, the polycross system of breeding as 
employed at Louisiana State University utilizes the additive 
effects of recurrent selection as well as the principle of 
homeostasis, epistasis and other Mendelian principles. 
Genetic characters of good horticultural traits have been 
fixed to a degree into breeding parents since the inception 
of the sweet potato breeding program. Only selected mate­
rials are placed in the breeding nurseries for crossing by
insect agents. Due consideration is given to incompatibility 
groups in the establishment of nursery planting plans (17).
Ad hoc nurseries have been used in the polycross system to 
breed for resistance to soil rot, soil insects, nematodes 
and other diseases.
Heritability and Combining Ability
Progeny means of certain genetic characters such as 
flesh color (carotenoid pigments) of breeding parents are 
not exactly the average of the parents.
Selection of superior cultivars in sweet potato 
progenies is made on the basis of phenotype. It is a near 
cliche among breeders that we seek to bring the phenotype 
under recurrent and predictable control (47) . Mendel in 18 66 
(39) established that phenotypes are not inherited, but 
genes controlling the phenotypic expressions of characters 
are transmitted.
Plant breeders seek to establish how much of the 
variance in cultivars is transmitted to offspring (7). 
Variance is a measure of the transmissibility of a trait, 
and it depends on the average effect of the genes. Genic 
variance can be expressed as a fraction of the total vari­
ance called heritability. Johansen (23) established on a
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sound basis the use of heritability of a trait to estimate 
the potential for improvement of potatoes.
The sweet potato breeder must know the relative con­
tribution genes make to the traits under consideration. 
Heritability, symbolized H, gives the total phenotypic 
variance due to gene effects. Any given trait can have a 
heritability of 0 to 1. A heritability of 0 indicates that 
all phenotypic variability is due to environment (48) . With
low heritability, the effects of environment are high, and
it may be that, in some cases to maximize efficiency, all
one needs to do is improve the environment.
Heritability, sensu latu used in this study, involves 
all types of gene action, i.e., additive, dominance, epi- 
stasis, etc. (45). Johansen (23) established that all 
genetic variability is usable in vegetatively propagated 
crops.
Combining ability is "the relative ability of a 
biotype to transmit desirable performance to its crosses"
(15). Combining ability, in the view of others consists of 
two components:
1. General combining ability - average performance
of a particular variety in a series of crosses. This can
be estimated by crosses to test a cultivar of known values
(38) .
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2. Specific combining ability - performance of a 
specific combination of varieties (46, 30).
Good combining ability of parents is the principal 
criterion for improving populations of segregating seedlings 
in order to produce superior cultivars. Heritability is pri­
marily concerned with additive effects of genes, sensu 
strictu, and is one measure of the transmissibility of a 
trait.
Need for Weevil Resistance 
in Louisiana
Rosburg, Little and Hutchison (44) cite Cylas formi- 
carius elegantus (Sum.) or sweet potato weevil as the most 
destructive insect enemy of the sweet potato in Texas.
Cockerham and Deen (4) reported on a breeding program al­
ready in existence at Louisiana State University to breed 
for resistance to the sweet potato weevils.
MATERIALS AND METHODS
Insect Collection
Insects were collected from sweet potato breeding 
nurseries with a homemade cheesecloth net and potassium 
cyanide kill jars, and mounted as suggested by Borror and 
Delong (2), for subsequent identification by Dr. Joan Chapin 
of the L. S. U. Entomology Department.
Feeding Preferences of 
Insect Pollinators
Experimental controls with highly mobile insects 
are difficult to obtain. Actual counts of bees and flowers 
per cultivar present in the Louisiana State University 
Master Nursery were deemed to be the most stable measurement 
of bee visitation to flowers. Counts of flowers, bumblebees 
and honeybees were made on each of 153 cultivars for a five 
minute period weekly for an eight-week period. These 
measurements gave the relative frequency of bees to cultivar. 
The ingress and egress of bees in the nursery and between 
cultivars are conceded.
The work of von Frisch (9) and Wenner and Johnson 
(56) suggested that tracking of bumblebees and honeybees
12
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would be in order to give an account of bumblebee and honey­
bee feeding. Bumblebees and honeybees were tracked sepa­
rately , each for two consecutive weeks. White shoe polish 
was placed on the backs of eight trapped bees. Two groups 
of four bees each were released, one group on the north side 
and one on the east side of the Master Nursery. One bee 
was released at a time. Each marked bee was tracked, and 
sweet potato cultivars visited were recorded.
Effect of Temperature on 
Pollinating Insects
Temperature records were obtained with a hygro- 
thermograph positioned permanently about 150 feet away from 
the breeding nursery.
Pollen counts were made on stigmas of flowers which 
were emasculated according to procedures outlined previously 
by Wang (53). They were made from flowers on breeding 
parents on two of nine rows selected at random for each 
day's count. The breeding nursery consisted of nine rows 
with seventeen discreet plants per row, spaced eighteen feet 
apart and trained to a six foot fence. Ten flowers were 
selected at random from cultivars on the row, and emasculated 
the previous afternoon without covering the corollas.
Flowers were collected at 10:30 A. M. the next morning, and
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actual counts were made microscopically of pollen grains 
on the stigma of each flower.
Pollen counts were aided by the use of a stigma 
maceration technique, using the coverslip to flatten the 
stigma. Acetocarmine dye with an iron catalyst was used 
with the water mount to stain pollen grains.
Total numbers of bumblebees by relative count as 
outlined previously was obtained.
Efficacy of Insect Pollinators
Potassium cyanide jars were used to kill insects 
quickly, without dislodging pollen grains through death 
throes. Actual counts were made of the pollen grains on 
insect bodies of all species collected using a microscope. 
Sweet potato pollen grains on the body were the basic re­
quisite to considering the insect as a sweet potato polli­
nator.
Observations in this case constituted a substantive 
guide to the efficacy of insect pollinators. Four to six 
hours were spent in the breeding nursery each day pruning 
nursery plants. All pertinent observations on insect habits 
during those periods were recorded.
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Floral Colors of Cultivars in the 
Sweet Potato Breeding Nursery
Approximately four thousand colors are possible in 
the visible spectrum. Maerz and Paul (31), using fast dyes, 
have compiled the most complete color set available, utiliz­
ing the map grid system to locate and, if necessary, relo­
cate colors.
Sweet potato flowers of each variety were selected 
for color evaluation. Color matchings were made for the 
mean color of ten flowers to the closest matching color 
grid of Maerz and Paul. Colors were rated at the mid-point 
of the throat and the external corolla.
Corolla Measurements
Corolla measurements were taken on the basis of 
corolla length and width at the greatest measure. The 
means for ten fully opened flowers of each cultivar were 
recorded from flowers selected at 84° F.
Position of Stamens Relative 
to the Stigma
Ten flowers of each variety were selected and classi­
fied as to stamen position. The average condition was re­
corded. If two or more flowers showed a deviant condition,
the average condition was recorded, followed by a variable 
notation.
16
Flower Number as a Function 
of Temperature
Temperature was recorded by hygrothermograph posi­
tioned one hundred fifty feet from the nursery. Flower 
numbers were determined by actual count on each breeding 
line and for the total of all breeding lines in the 
nursery.
Weevil Resistance Study
Seedlings from controlled crosses were grown in an 
environment of intense sweet potato weevil pressure. In­
oculated roots of sweet potatoes with heavy infestations 
were bedded in rows to either side of a row of seedlings.
It was thus possible to tabulate the frequency distribution 
of sweet potato seedlings resistant to the sweet potato 
weevil. Ratings for resistance were performed by Dr.
Edmond Kantack, Dr. Dale Newsom and Michael Bickham of 
the Louisiana State University Entomology Department.
Progeny Studies
Crosses were made between PI 3437 21 X W15-2 and 
W15-2 X Centennial to compare distribution of seedlings of 
skin color and flesh color classes. PI 343721 is a parental 
line that was introduced from East Africa. This parental
17
line represents a wild type having a purple skin and a 
white flesh color of the fleshy roots. W15-2 and W51 were 
received from the United States vegetable breeding labora­
tory, Charleston, South Carolina. These two cultivars pro­
duce fleshy roots with medium amounts of carotenoids in 
the flesh. W15-2 has a rose skin color and W51 has a tan 
skin color. Characters for these cultivars are shown in 
Table 6. All L seedlings represent selections from the 
breeding nurseries at Louisiana State University.
Other parental lines used in this breeding study 
were Louisiana (L) seedlings shown in Tables 3 and 5.
Segregating seedlings of progenies from control 
crosses PI 343721 X W15-2 and W15-2 X Centennial were com­
pared as to how they performed in segregating out seedlings 
with good horticultural characters.
Control crosses were made under three sets of en­
vironmental conditions, affording the chance for comparison. 
Crosses were made in the standard polycross nurseries in 
ad hoc isolation for breeding. In the nursery called the 
Master Nursery, 153 discreet plants trained to a six foot 
wire fence exist on nine rows. Fifty plus cultivars with 
good horticultural characters, fixed to a degree, exist in 
this nursery. Since bees and bumblebees were actively
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crossing these varieties, it was necessary to protect the 
flowers after emasculation and pollination with soda straws. 
Hernandez and Miller (19) established this technique. The 
emasculation technique of complete removal of the corolla 
was compared in the growth chamber to one which provided a 
longitudinal slit in the corolla to accomplish emasculation.
A plastic covered greenhouse twenty feet by one 
hundred twenty feet was used in the winter months to make 
control crosses.
In the winter of Louisiana, with its intermittent 
temperatures of less than 32° F. to 85° F., control crosses 
were also made with breeding parents in a growth chamber 
six feet by five feet by seven feet. The temperatures in 
the chamber were approximately 60° F. at night and 84° F. 
during the day, with a ten and a half hour photoperiod (3). 
The light source in the growth chamber was twelve incandes­
cent bulbs and many florescent bulbs in the top of the 
chamber. Good flowering results, as well as luxuriant 
vine growth, were obtained with the growth chamber.
Serendipity entered this study with a growth chamber 
breakdown and lights out. In a non-replicated observation 
on breeding line in flower, W51, was observed to maintain a 
flowering pattern corresponding to photoperiod or endogenous
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rhythm, despite the absence of light. The results are of 
interest and will be mentioned in the section on Results 
and Discussion.
Seeds resulting from the control crosses and poly­
crosses were treated with concentrated sulfuric acid for 
25-30 minutes (49) to scarify the seed coat. Seedlings 
which resulted from the planting of seeds in four inch clay 
pots were numbered. They were fertilized weekly and all 
seedlings were rated with respect to vine type at forty days. 
At sixty days, vine cuttings were made from each seedling 
and moved to the field for replicated evaluation. There 
were three plants in each of two replications for all seed­
lings and parental cultivars.
Sweet potato mother roots infested with sweet potato 
weevils and larvae were planted in alternate rows on either 
side to evaluate weevil damage to seedlings and cultivars 
at harvest time.
At harvest time, all seedlings of the control crosses 
were the subject of objective ratings covering the range of 
variance in horticultural characters. Other ratings, such 
as vine readings, were necessarily done in pre-harvest con­
ditions. Horticultural characters scored were: skin color
1-6, representing the range white to purple, respectively;
leaf shape 1-5, representing entire to deeply lobed; flesh 
color 1-5, representing zero to very high carotene; yield 
1-5, representing very low to very high; root shape 1-5, 
representing very chunky to very rooty; fleshy root exterior 
1-5, representing very rough to very smooth; vine length 
1-5, representing dwarf to very long; vine thickness 1-5, 
representing very small to very large; plant production 1-5, 
representing very poor to very good; storage ability 1-5, 
representing very poor to very good; vine color 1-5, repre­
senting green to dark purple; and vine terminal color 1-5, 
representing green to dark purple. Hernandez (21) established 
the validity of objective rating for flesh color. Baking 
quality was rated on the standard index (6), using the 
average of several ratings on a scale of 1-10, with 10 
representing the most favorable rating of the character.
All seedlings of control crosses, at any stage of 
rating, had in all cases both parents rated concurrently, 
plus Centennial in the case where it was not a parent.
Kantack (28) and Wascom (54) established the basis for 
rating insect damage.
Polycrossed Seedlings
The technique of handling the polycrossed seed and
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seedlings is similar to that of the control cross. The seed 
was brought to the Sweet Potato Research Center, Chase, 
Louisiana, which is a weevil-free area. Seed was planted 
and identified as to female parent in greenhouse beds in 
January, and rated and selected in May of the same year. 
Selections from each maternal progeny were planted in the 
field and rated again in September for skin color, flesh 
color, yield, etc. All 1971 polycrossed seedlings from the 
Master Nursery and Weevil Nursery of L3-77, W15-2, PI343721 
and W51 grown at Chase, Louisiana were rated for skin color 
and flesh color.
Breeding Parents - Replicated 
Test Under Weevil Pressure
Fifteen breeding parents were selected and rated 
for horticultural characters in the face of the same weevil 
pressure as seedlings in the control cross progeny. Eight 
replications, each ten feet long, were used with fifteen 
breeding parents, using ten plants per plot. Inoculated 
mother roots with weevils were planted in rows on either 
side of each plot in this test. At harvest time, these 




All data were put on computer sheets for analysis 
by the Louisiana State University Department of Experimental 
Statistics in accordance with Stansfield (48).
Code Number of Cultivars
In the numbering system for seedlings, the L represents 
Louisiana, the first number represents the year that the 
seedling was selected, and the second number represents the 
selection number within a progeny. All seedlings shown in 
Table 3 were selections made in the decade 1960-1969 except 
LO-99, L3-64, L2-61, 4-89, L3-66, LO-132 that were selected 
between 1950-1959 and L138 is the Heartogold variety.
RESULTS AND DISCUSSION
Pollinating Insects
Insect pollinators of sweet potato flowers at Loui­
siana State University include an interesting assemblage of 
leaf eaters, nectar feeding insects and predatorial insects 
(Table 1).
Insects observed to move from one flower to another 
and with sweet potato pollen grains on their bodies in 
microscopic examination were considered to be pollinating 
insects. Predatorial insects such as bee killer wasps 
perhaps play a detrimental role in the overall process, 
selecting out their more efficient honeybee counterparts. 
Table 1 lists the pollinating insects with the average 
number of pollen grains found on the body of each insect 
for a total of ten insects. Figure 1 and Table 1 show the 
insects collected in 1971.
Feeding Preferences of Sweet 
Potato Pollinating Insects
Table 2 shows the results of tracking marked bees 
juxtaposed to data taken for eight consecutive weeks on
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Figure 1 Insects collected and identified 
sweet potato pollen carriers in 
breeding nurseries in 1971.
Table 1. Insects identified as Sweet Potato pollen carriers in Breeding Nurseries 
in 1971.
Sweet Potato Pollinators 
(ten insects evaluated 
where possible)




Bombus spp. Bumblebees 150
Apis TTellifera Linnaeus Honeybees 397
Melissodes spp. Digger Bees 13
Predator Polistes spp. Vespid Wasps 8
Predator Philanthus ventrilabrus Bee killer Wasp 9
(Provision nests with bees)
Family Halictidae Miner bees 27
Order Lepidoptera
Agraulis vanillae nigror
Brush footed butterfly 6
Nectar Leremia accivus J. E. Smith Skippers 5
feeders Cisseps Vulvicollis Hubner Wasp moth 7
Battus philenor philenor Linnaeus
Swallow tail butterfly 8




Pseudoplusia includens (Walker) 28
Table 1. (Continued)
Sweet Potato Pollinators 
(ten insects evaluated 
where possible)




Diabrotica balteata LeConte 
Cucumber beetle 4
Predator Chauliognathus Marginatus fabricatus
Soldier beetle 11
Order Heteropera
Predator Zelus bilobus Say Assassin bug 7
All had pollen on bodies and moved from flower to flower, some obtaining nutritional 
requirements and some preying on others.
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Table 2. A study of feeding preference of some pollinating 
insects on different sweet potato cultivars for 
eight consecutive weekly counts in 1971.
No. of times Total Total
Bumblebees & Bumblebees found flowers in
Cultivars Honeybees present______when present_____8 week period
W15-2 8* 89 1640
W19-2 8* 83 1434
W51 8* 23 428
L0132 7* 35 591
L3-66 7* 50 1473
L3-77 7* 51 458
L3-217 7* 25 878
L8-71 7* 21 219
L9-83 7* 7 360
L3-64 6* 16 262
L8-343 6 8 155
L4-21 5** 13 215
L9-319 5 6 82
L131 5 14 360
L0240 4 8 194
L3-93 4 6 75
L8-3 4 6 130
L8-157 4 5 91
OK3-105 4 5 105
L3-80 3 4 38
L4-83 3 4 14
L4-186 3 3 46
L8-67 3 3 16
L9-159 3 4 57
W2-3 3 9 106
W2-141 3* 9 181
LO-99 2 2 58
LO-246 2 4 61
L4-89 2 2 21
L6-5 2 3 37
L9-192 2 6 51
L9-219 2 2 15
L2-116 1 1 27
L4-183 1 1 17
L6-100 1 1 22
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Table 2. (Continued)
No. of times Total Total
Bumblebees & Bumblebees found flowers in
Cultivars Honeybees present when present 8 week period
L8-7 1 1 6
L8-61 1 1 19
L8-176 1 1 4
L8-309 1 1 16
L9-23 1 1 6
L9-47 1 1 27
L9-163 1 1 12
L9-190 1 1 15
L138 0 No flowers
L2-61 0
L3-177 0 No flowers
L3-179 0








L9-105 0 No flowers
L9-151
L9-164 0 No flowers
L9-186 0 No flowers
L9-315 0
NC284 0 No flowers
*Varieties visited Sept. 18, 1971 by marked bumblebees and 
honeybees (white shoe polish on back). Each bee was observed 
15 minutes, 4 released on N side, 4 on E side. Tracked 
visually.
Replicated on Oct. 9, 1971., All varieties revisited* except 
one additional variety thus indicated**.
&— J8K.
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cultivars, with actual counts of bumblebees visiting the 
flowers of each cultivar. The total number of bumblebees 
by actual count is a relative frequency of visitation to 
sweet potato flowers on any one cultivar. These data taken 
together appear to be corroborative and indicate a positive 
feeding preference by bumblebees and honeybees for varieties 
with the greatest numbers of flowers. This could mean a 
skewed pressure in favor of the genes of breeding parents 
.that flower profusely in the polycrossed nursery.
Effect of Temperature on Insects
The activity of insects in the breeding nursery rela­
tive to the temperature appears to be reflected in the numbers 
of insects present in the nursery, as well as the mean pollen 
grains on the stigmas of emasculated flowers. Data in 
Figure 2 show that mean pollen grains on the stigma of emas­
culated flowers decreases as the temperature drops and is 
most significant below 50° F. A substantial decline occurred 
in the numbers of bumblebees present following a hurricane and 
the application of DDT to the nursery. Bumblebee numbers were 
reduced from 189 before the hurricane and before DDT appli­
cation to 74 after. Data in Figure 2 show that in the vital 
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Figure 2. Effect of temperature on number of
pollen grains on stigma of pollinated 
flowers as a measure of activity of 
pollinating insects.
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temperature of above 73° F. would appear best suited to opti­
mum pollinating activity by honeybees and bumblebees.
Nursery temperature and wind velocity is not under man's 
control, but the application of pesticides at this critical 
time should be. Specific pesticides should be used to con­
trol the sweet potato weevil and allow bumblebee and honeybee 
numbers to continue. Actual numbers of honeybees and bumble­
bees present in the nursery show no relationship to the 
temperature found in this study.
Efficacy of Pollinating Insects
The number of pollen grains found on the bodies of 
pollinating insects (Table 1) indicates the potential of 
each insect species for effectiveness as pollinators. 
Bumblebees and honeybees were found to be the most effective 
pollinating insects in this study. It is significant also 
that, for the average of ten insects, the honeybees carried 
approximately three times the pollen load as bumblebees.
The bumblebee consistently enters the sweet potato flower 
with its back appressed to the corolla and belly appressed 
to the stigma. Belly hairs are very important as pollen 
carriers. In five seconds or less, the bumblebee has fed in 
a flower and departed to another flower. The honeybee, in
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contrast, enters the flower with important back hairs appressed 
to the stigma and belly appressed to the corolla. Honeybees 
remain in the flower for three to twenty-five seconds and 
move around the corolla before departing for another flower. 
Normally the sweet potato flower remains open from daylight 
until about 10:30 A.M. depending on day temperature, at which 
time the corolla closes. Bumblebees were observed to make a 
slit in closed corollas and thus are able to continue polli­
nating activity when other insects have a de facto barrier.
Flower Study
Varieties contained in the master nursery were classi­
fied as shown in Table 3, according to flower color, position 
of stamens, and corolla measurements. Ten flowers comprised 
the sample and they showed little variability. This infor­
mation is potentially valuable to future workers in varietal 
identification. Hernandez and Miller (19) refer to Centennial 
in which all stamens occur below the stigma. Although Cen­
tennial is self-fertile, artificial cross pollination is 
almost a necessity because of the position of the stamens in 
relation to the stigma. Eleven breeding lines of the Loui­
siana State University Master Nursery have this condition.
These breeding lines with subordinate anthers include:
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Table 3. Classification of breeding lines as to flower color, 
flower corolla measurements and position of stamens 
in relation to stigma.
Maerz and Paul Corolla
Color Code Position of 
Stamens!./
Measurements
Cultivar Corolla Throat Width Length




L099 4 IF 6 41L8 1E,4SX 3.9 4.2
L0132 42E5 41L8 IE, ,45.. 3.8 4
L0240 41F5 42L8 5SX 3.9 4
L0246 41D4 41L8 IE,IE,,3S, 3.9 3.9
L2-61 4 2C4 41L8 1E1,4S1 4 4.2
L2-116 41E4 41L8 3S,2E 4.6 4.6
L3-64 43G5 43L8 1E;L, 4SX 3.9 4.5
L3-66 42F5 42L8 IS,2E,2E 3.6-4. 0 4.4
L3-77
(Centennial) 41F5 42L8 5S. 5.3 5.3
L3-80 43E3 42L8 1E74S, 4.2 4.8
L3-93 42H6 42L8 5SX 4.2 4.2
L3-177
L3-179 41E4 42L8 IE,4Si 4.7 4.7
L3-217 43D3 43K7 5S! 4.3 4.4
L4-21 41E5 43L8 IE,IE,,3S, 4.3 4.3
L4-24 X
L4-83 42D4 41L8 2E,1E1,2S1 5 5.1
L4-8 9 41E5 41L8 5SX 4.8 4.9














L6-5 41E5 43L8 2E,3Sj 3.5 3.6
L6-100 42F4 42L8 1E,4SX 4.4 4.4
L7-122 41F5 42L8 IS,IE,3SX 3.7 4
L7-177 41E5 41L8 3E,1E1,1S1 3.3 3.7
L8-3 (Julian) 42H6 42L9 IE,4SX 4.2 4.2
L8-67 42F6 43L8 5S^ 4.7 4.7
L8-71 42F4 41L7 5S^ 5.2 5.5
L8-157 41E4 42L8 1S,2E,2Sx 3.6 4.2
L8-164 42E4 42L8 IS, 3E, 1Sj_ 4 4.2
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Table 3. (Continued)
Maerz and Paul Corolla
Color Code Position of Measurements
Cultivar Corolla Throat Stamensi/ Width Length
L8-176 42G5 42L7 1E,4SX 3.4 3.7
L8-309 41E4 42L7 ISjIE^S-l 4.7 5
L8-343 4 2G6 42L8 lErlEi^S! 4.5 4.7
L9-23 41G5 41L7 2E,3SX 3.7 3.7
L9-39 42L8 41L8 2E,3S1 3.8 3.8
L9-47 42D3 42L8 5SX 4.7 4.2
L9-53 41D4 41K7 2Sr 3E 4.3 4.2
L9-83 41F5 42L8 3E,2SX 3.6 4.2
L9-105
LO-151 41F5 41L8 IS,2E, 2S-,
L9-159 41F5 41L8 SSi 4.9 5
L9-163 41F5 41L8 lE,4Si 3.7 3.7
L9-164
L9-186
L9-190 41E5 41L8 5Sj[ 3.8 3.8
L9-192 41E5 42L8 2E,3Si 4.0 4.2
L9-219 41F5 42L8 5SX 4.9 5.2
L9-315 41E5 42L8 2E,3Si 3.7 3.9
L9-319 42F5 43L8 lE^Ex^Si
Variable 3.9 4
NC284
OK3-105 41C4 43L8 lE,4Sx 4.5 4.4
W2-3 41D4 4216 1E,4Si 4.7 4.7
W2-141 41D5 41L8 lErlEi^S! 4.4 4.5
W15-2 41D5 42K7 IE, lEj_, 3S^ 5.6 5.8
W19-2 42D4 42L8 1E,4Si 4.7 4.7
W51 41D4 41K8 3E,2Sx 4.9 4.9
White tip
corolla
i/s = Superior 
E = Equal
E]_= Slightly Subequal 
S^= Subordinate 
* Number of stamens out of a total of 5.
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L3-77, LO-240, L3-93, L3-217, L4-89, L8-67, L8-71, L9-159, 
L9-190f L9-219 and L9-47.
Data in Table 4 showed that the flower count fluctuated 
following a hurricane with 85 mile per hour winds on 
September 17, 1971.
Control Cross, Polycross 
and Breeding Parents
An appropriate beginning for presenting control cross 
results is the pictorial chronical of effort expended in this 
study with a minimum of verbage. The following photographs 
are in this vein (Figure 3-16).
An old recipe for rabbit stew first required one to 
kill a rabbit. Similarly, heritability and combining ability 
can be studied only through progeny grown from true seed 
obtained in control crosses. Previous workers have reported 
on the presence of cross and self incompatibility (19) in the 
sweet potato. An accepted standard for compatibility in the 
sweet potato is 20 percent capsule set. The results of this 
study confirm the existence of cross and self incompatibility 
in the sweet potato. Table 5 suggests that in many cases 
incompatibility is not absolute but in graded measure. In the 
case of L3-66 X Centennial, one thousand crosses were made in 
the field with 1 percent capsule set. Given the resources
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Table 4. Total flower counts in the Sweet Potato Breeding 
Nursery following Hurricane Edith (September 17, 
1971).
Date
Total Number of 
Flowers - 9 A.M.
Temperature 
Maximum Minimum
September 18 58,190* 89 70
25 28,310** 91 72
October 2 28,360 92 71
9 26,240 79 69
16 21,680 86 69
23 33,360 84 64
31 24,161 84 66
November 6 17,771 81 58
*Formed from floral meristems before September 17 hurricane.
**Hurricane with 85 mile per hour winds responsible for 
decline?
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Figure 3. A new botanical subclass Tricotyledonae?
Three cotyledons present in thirteen 
seedlings of W15-2 X Centennial, and in 
nine seedlings of W15-2 X PI 343721.
Figure 4. Developmental cotyledon anomaly 
W15-2 X Centennial.
Figure 5. "Lethal gene" - retention 
of cotyledons at forty 
days without apical or 
lateral meristem.
Figure 6. "Lethal gene" - sixty days, seen before 
at forty days.
Adventitious sprout from root a rarity?
Figure 7. Seedling progeny at forty days. 
W15-2 X Centennial.
Figure 8. Vine vigor at forty days - 
a study in contrast.
Figure 9. Segregates for purple vine and 
terminals at forty days.
Figure 10. A segregate for
flowering at forty days.
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Figure 11. Centennial W15-2 One progeny
seedling
A segregate for cut leaf more severe 
than either parent.
Figure 12. Seedling harvest scene1 Alternate rows 
on either side of seedling rows were 
inoculated with sweet potato weevils 
and planted fifty days prior to seedlings.
Figure 13. W15-2 X Centennial
one hill.
Figure 14. Rating seedlings at harvest time
Figure 15. Polycross Nursery.
Figure 16. W15-2 X Centennial, seedling 205;
noteworthy for vine vigor, carotene 
nearly equal to Centennial and yield 
from one vine cutting, shown here 
harvested at 100 days.
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Table 5. A comparison of cultivars as to percentage of














W15-2 X Centennial 
*Field 100 22 1.2 22
**Plastic Greenhouse 50 6 1.5 12
***Growth Chamber 100 69 1.8 69
W51 X Centennial 
Field 100 9 1.3 9
Plastic Greenhouse 
Growth Chamber 300 75 2.2 25
L3-66 X Centennial 
Field 1000 10 1.2 1
Plastic Greenhouse 
Growth Chamber 75 1 1.0 1.3
L3-64 X Centennial 
Field 454 1 1.0 0.2
Plastic Greenhouse 500 2 1.0 0.4
Growth Chamber 50 0 0 0
L3-217 X Centennial 
Field 225 2 1.0 0.8
Plastic Greenhouse 500 1 1.0 0.4
Growth Chamber 50 0 0 0
L9-39 X Centennial 
Field
Plastic Greenhouse 
Growth Chamber 50 3 1.3 6
L9-23 X Centennial 
Field
Plastic Greenhouse 
Growth Chamber 75 4 1.0 5.3
L6-5 X Centennial 
Field 25 10 1.0 40
Plastic Greenhouse 
















L8-343 X Centennial 
Field 100 3 1 3
L9-192 X Centennial 
Field 100 6 1 6
L9-190 X Centennial 
Field 100 7 1 7
L9-163 X Centennial 
Field 100 5 1 5
L9-177 X Centennial 
Field 100 8 1 8
W15-2 Selfed
Plastic Greenhouse 200 0 0 0
Growth Chamber 100 6 1.5 6
W51 Selfed
Growth Chamber 100 5 1.4 5
L9-39 Selfed
Growth Chamber 100 10 1.9 10
L9-23 Selfed
Growth Chamber 100 5 1 5
L6-5 Selfed
Growth Chamber 100 0 0 0
*August - October 1971 and 1972 
**January - April 1972 
***Temperature nearly constant - Night 60°F; Day 84°F.
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to make one hundred thousand crosses, a workable population 
of seeds could be obtained for study.
Securing the seed does not eliminate the uncertainty 
of obtaining a progeny for study. In one case in this study, 
W51 X Centennial, 168 seeds were obtained from 75 capsules 
in 300 crosses, for a 25 percent capsule set. According to 
the 20 percent standard for compatibility, this combination 
appears compatible. The seeds of this cross resulted in 
only 35 seedlings germinating from 168 seeds. Only three 
seedlings of this cross produced a measurable fleshy root 
yield. Ten additional seeds resulting from this cross were 
floated in a water medium. Six of the seeds floated. Dis­
section of all of the seeds with the aid of a steroscopic 
microscope revealed all six of the floating seeds to be minus 
embryos, and all four of the sunken seeds with embryos.
Improvement in the sweet potato can occur fastest in 
sexual reproduction, however imperfect it is. Although this 
study was not set up in replicated controlled fashion to 
evaluate various environments, three separate environments 
for making the control crosses were used. The results from 
the different environments are of interest and seem to favor 
the growth chamber type environment for capsule set and aver­
age number of seeds per capsule (Table 5).
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Incompatibility forces were at work unbeknown to us 
in selecting maternal parents and populations of seed were 
available from three crosses, L3-77 (Centennial X W15-2,
W51 X L3-77 and PI 343721 X W15-2. It would be possible to 
obtain seed populations of sweet potato parental crosses 
with low levels of compatibility provided resources exist 
to make a large number of control crosses. The polycross 
system using highly mobile insects afford the chance for 
obtaining seed populations but there are no guarantees as to 
the precision and source of male gametes except from a nursery 
with highly selected germplasm of known compatibilities.
Of pragmatic value to the sweet potato improvement 
plan, this study revealed W15-2, W51, and possibly L6-5 to 
be compatible with Centennial. Equally important, L3-66,
L3-64, L3-217, L9-23, L8-343, L9-192, L9-190, L9-163,
L7-177, and L9-39 proved to be of low compatibility with 
Centennial (Table 5).
Hernandez and Miller (19) used an emasculation 
technique for making control crosses in the sweet potato. 
According to this technique, the corolla was slit at its 
base about one-fourth the diameter of the corolla, and the 
remaining corolla was popped off. Stamens were removed with 
forceps and each emasculated flower was covered with a soda
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straw to protect the flower from cross pollination. Hernandez 
(17) reported that 1.2 seeds per capsule was obtained from 
this technique. One experiment of this study was designed 
to test this emasculation technique versus a new technique 
whereby a longitudinal slit was made in the corolla and 
anthers were removed. In two replications conducted in the 
growth chamber using W15-2 X Centennial with a high degree 
of compatibility, the emasculation technique of Hernandez 
and Miller (18) yielded 1.15 seeds per capsule with an 
average capsule set of 50 percent. Using the emasculation 
technique with a longitudinal slit in the corolla, 1.92 seeds 
per capsule were obtained with a 90 percent capsule set.
Flower damage caused by emasculation thus would appear to play 
a significant role in the compatibility gradient in sweet 
potato crosses, as well as in the average number of seeds per 
capsule. The compatibility gradient in sweet potato crosses 
may well depend on a deft, sensitive emasculation technique, 
as well as on innate factors.
Serendipity entered this study with a growth chamber 
black-out. Endogenous rhythm or biological activity approach­
ing a sine curve has been documented in tomato chloroplasts 
(22). No documented reports of endogenous rhythm were found 
in the sweet potato. One cultivar of the sweet potato, W51,
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was observed to maintain peaks of flowering following a ten 
and a half hour pnotoperiod, plus a thirteen and a half hour 
night-period for four days after lights out, to cessation of 
flowering (Figure 17). Following the repair of the growth 
chamber, eleven days were required, with ten and a half hour 
photoperiod, to resume the flowering pattern in this variety. 
This observation is of interest, because it suggests that 
plants may not make an all or no response to photoperiod, 
but rather a graded response.
Data in Figure 18 reveals the distribution of seed­
lings of W15-2 X Centennial rated at 4 0 days for vine vigor.
The distribution appears to follow the normal curve. More 
vigorous seedlings averaged 0.71 nodes per inch to 1.38 nodes 
per inch for less vigorous seedlings. The more vigorous 
seedlings thus would have a greater internodal elongation. 
Fleshy roots in the sweet potato are produced from the nodes.
It is interesting to note that in the cross W15-2 X Centennial, 
non-vigorous seedlings with more nodes to the inch have five 
seedlings in the highest yield category, to one seedling 
with a vine of greatest vigor. The yield for the latter 
seedling is pictured in Figure 17.
Replicated tests conducted in this study provide 

















27 28 29 30 1 12 13 14 15
Time i n Days
Figure 17. Occurrence of endogenous rhythm in sweet
potato flowering (Dark period - April 27-30; 
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Figure 18. Distribution of segregating seedlings for vine vigor in a progeny 
of W15-2 X Centennial at 40 days.
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in horticultural characters and insect resistance in each of 
eight replications. Table 6, 7 and 8 indicate innate dif­
ferences between cultivars grown under heavy insect pressure. 
Cultivars of substance are readily determined as periodic 
functions of the objective ratings of their horticultural 
characters and insect damage ratings.
The all important character of flesh color essentially 
is based on beta carotene. Table 6 indicates that Centennial 
was consistent for high flesh color in all eight replications. 
No essential difference exists between Centennial, L8-71, 
L8-164, L3-66, W19-2 and W51 for high flesh color in this 
test. W15-2had a significantly lower rating for flesh color 
than Centennial and other cultivars. Of interest in this 
table is the lowest rating for flesh color (white) in all 
eight replications for the wild type sweet potato PI 343721 
and PI 343851, along with Southern Queen.
Data in Table 6, relative to skin color, indicates 
copper skin to be consistent within all eight replications 
for Centennial, L3-64, L4-89, L3-66 and W2-361. Heartogold 
and W51 were consistent for a tan skin. PI 343721 was con­
sistent within all replications for purple skin. W15-2 was 
used as a parent in controlled crosses and distribution of 
seedlings for skin color was skewed toward rose. In two of























Cent. 4.00 2.00 4.00 3.00 4.00 4.88 5.00 4.00 2.00 3.63
L3-64 4.00 2.00 2.63 3.00 5.00 2.13 4.38 2.00 2.00 3.00
L4-89 4.00 1.00 2.75 3.00 4.00 3.00 4.13 5.00 1.00 3.13
Heartogold 3.00 1.00 2.63 3.13 4.00 3.00 4.13 4.00 1.00 3.13
L8-71 4.13 2.00 3.63 3.00 3.00 3.00 4.88 3.00 2.00 3.50
L8-164 4.50 1.00 4.13 3.13 5.00 3.00 4.00 2.00 1.00 3.38
L3-66 4.00 1.00 3.88 3.00 5.00 2.00 4.25 1.00 1.00 3.13
W19-2 3.63 1.00 3.63 3.00 5.00 4.88 4.13 4.00 5.00 2.88
W51 3.00 1.00 3.63 3.25 2.00 3.88 3.88 5.00 2.00 3.13
W15-2 4.75 1.00 3.38 3.13 5.00 4.88 4.38 4.00 5.00 3.75
W26-2 3.00 1.00 2.33 3.50 3.00 3.00 3.00 1.00 3.00 2.67
W2-361 4.00 0.00 2.00 3.38 3.00 3.00 1.88 2.00 1.00 2.38
PI 343851 1.00 1.00 1.25 4.00 4.00 4.00 1.88 1.00 1.00 2.00
PI 343721 6.00 2.00 1.13 4.00 4.00 3.00 1.88 1.00 1.00 1.75
NCVQ 2.75 2.00 1.25 3.00 4.00 4.00 1.50 2.00 1.00 2.88
L.S.D. •01 .33 0 .64 .36 0 .24 .57 0 0 .54
Level 
L.S.D. *025 .28 0 .54 .30 0 .20 .48 0 0 .46
Level
♦Significant at the .025 level.
♦♦Cultivars rated for characters in each of 8 replications.
^Characters scored 1-5 with 5 as best except root shape where 3 is best and 
skin color 1-6 where 1 is white and 6 is purple.
















Yield N o >  
of fleshy 
roots
— lbs.— — lbs.— — lbs.— — lbs.—
Centennial 3.25 4.82 2.00 0.44 6.31 28.13 125
L3-64 4.25 6.30 2.35 0.63 9.11 33.75 180.4
L4-89 4.13 4.37 3.23 1.00 8.46 48.13 167.5
Heartogold 3.75 4.89 3.45 0.62 8.31 47.63 162.2
L8-71 2.50 0.97 2.64 0.80 3.48 30.25 74
L8-164 3.75 5.26 2.21 0.66 8.19 42.75 162.1
L3-66 4.63 4.54 7.40 2.41 14.35 105.88 283.6
W19-2 2.75 2.50 2.23 0.35 4.53 31.25 89.6
W51 2.75 0.63 1.94 2.58 4.44 71.38 89.6
W15-2 3.88 2.63 4.28 1.07 7.08 34.75 140.1
W26-2 1.75 0.37 0.82 0.68 1.46 22.13 33
W2-361 1.88 0.80 1.85 0.39 2.23 59.13 47
PI 343851 3.25 3.20 0.75 0.98 5.44 22.13 120.3
PI 343721 2.50 2.49 1.59 0.33 4.13 18.25 81.7
NCVQ 3.75 3.68 3.38 2.49 7.26 88.88 143.8
L.S.D. .01 1.01 4.4 
Level
L.S.D. .025 .85 2.1 
Level










**Cultivars replicated 8 times and grown in sweet potato weevil inoculated test at 
Baton Rouge. Yield 1 - 5  where 5 is highest.




























Centennial 50.63 79.12 0.00 18.88 88.75 5.00 7.00
L3-64 12.50 20.25 3.50 12.38 7.38 0.0 6.40
L4-89 27.25 41.25 0.0 20.50 83.25 0.0 6.33
Heartogold 15.00 8.50 0.0 0.0 8.50 0.0 6.05
L8-71 182.43 159.00 2.50 15.88 270.25 6.25 7.00
L8-164 77.38 61.13 3.63 20.75 88.50 7.13 5.95
L3-66 98.14 150.00 3.14 29.86 183.57 9.14 6.13
W19-2 31.00 15.25 0.0 8.13 34.38 0.0 6.03
W51 30.38 14.00 0.0 8.38 61.63 1.25 5.78
W15-2 31.38 18.38 0.0 0.0 45.13 0.0 6.23
W26-2 14.57 12.43 0.0 0.0 21.29 0.0 4.10
W2-361 6.38 5.00 2.63 0.0 19.50 0.0 2.63
PI 343851 86.25 20.63 0.0 0.0 9.63 0.0 2.35
PI 343721 11.25 39.63 7.00 10.88 12.88 0.0 2.10















♦Significant at the .01 and .025 level; the lower the indices, the more resistant are 
the cultivars. Baking index1 - 10 represents most favorable reading.
**Cultivars rated for insect damage in each of 8 replications; see Wascom (54) and Kantack (28) .
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eight replications, W15-2 exhibited copper skin and in the 
six other replications, a rose skin was prominent.
Table 6 indicates cultivars with elliptical, or most 
favorable, root shape had objective ratings of three and this 
was the prevailing condition in Centennial, L3-64, L4-89, 
Heartogold, L8-71, L8-164, L3-66, W19-2, W51, W15-2 and NCVQ. 
PI 34 3721, with a number four rating, was consistently rooty 
in every case.
In the category of storage ability, Centennial and 
L8-71 had the highest rating, or best storage ability. W15-2, 
because of its poor storage ability, was relegated to a seconr 
dary rating. PI 343721 had the lowest rating, or poorest 
storage ability.
W15-2 and Centennial were the leading contenders for 
smooth exterior. PI 343721 presented the roughest exterior 
of any cultivar, with the other plant introduction PI 343851 
running in the significant lowest actual value.
In summary of all characters in Table 6 for Centennial 
W15-2 and PI 343721 for horticultural characters, Centennial 
had the highest rating, with W15-2 a close second. PI 343721, 
the wild type, had a low rating for all characters except vine 
length.
Leaf shape, vine length, vine color, and vine terminal
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color were consistent for each variety in all eight repli­
cations.
Metric ratings for yield are given in Table 7, in­
cluding six components. Number one fleshy roots in U. S. 
grade reflect the monetary potential in fresh market sales; 
number two fleshy roots are significant to the canning market. 
Total yield in pounds and total yield in the number of fleshy 
roots probably reflect additional differences in genic poten­
tial of cultivars.
Centennial, L3-64, L4-89, L8-164, and L3-66 were the 
highest yielders of U. S. number one grade roots grown with 
insect pressure. L3-66 shows remarkable potential under 
these conditions in production of U. S. number two grade 
roots (canners) and total yield in the number of fleshy roots. 
Of interest in Table 7 is the yield in pounds of culls for 
W51, as well as total number of fleshy roots which show that 
W51 characteristically sets a large number of fleshy roots. 
Actually, most culls in this case were well formed elliptical 
fleshy roots less than one inch in diameter. Varieties W26-2 
and W2-361, from the standpoint of yield, would not be horti- 
culturally acceptable.
Cultivars exhibit differential resistance to insects, 
as shown in Table 8. This information is of vital importance
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to sweet potato breeding. Insect damage aside from providing 
ingress for pathogens affects the saleability of sweet potatoes.
Based on Table 8, levels of resistance to soil insects 
and weevils are discernible for cultivars. Heartogold, L3-64, 
W26-2, W2-361, PI 343851, W15-2, W19-2 and PI 343721 exhibit 
high levels of resistance to sweet potato weevil injury in 
every case. At the other extreme, L8-71 was highly susceptible 
to damage by all soil insects and weevils.
In the area of cultivar resistance to weevils, a 
dichotomy is possible, based on four levels using the LSD as 
the line of demarcation. L8-71 would be highly susceptible 
with a four rating, L3-66 susceptible with a three rating, 
Southern Queen, Centennial and L4-89 moderate resistance with 
a two rating. Cultivars resistant to the sweet potato weevil 
in order of decreasing resistance were L3-64, Heartogold, 
PI343851, PI 343721, W2-361, W26-2, W19-2, W15-2 and W51.
In the polycross system of breeding, large populations 
of seedlings are grown in greenhouse beds from true seed, 
planted in January of each year. In May of each year, all the 
polycrossed seedlings are dug and the fleshy roots are examined 
for skin color. The roots are then cut and evaluated for 
carotene content. In essence, this is step one of the process 
of sweet potato selection. Selection at this stage is very
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severe. Annually in the breeding program, vine cuttings made 
from the selections of step one are taken to the field and 
harvested in September of each year, when selection pressure 
is again applied. In this study, seedlings grown in the 
greenhouse from true seed were planted in January 1972 and were 
harvested and rated for flesh and skin color in May 1972 when 
the fleshy roots were one to two inches in diameter. All 
seedlings selected from cultivars (Table 9) in May were 
vegetatively propagated and planted in the field. In Septem­
ber 1972 these same seedlings were rated again in comparison 
to earlier ratings.
Tables 9 and 10 are corroborative and indicate the 
frequency distribution to be essentially the same whether rated 
on May 5, 1972 or September 5, 1972. Step one of the poly­
cross selection process thus is valid for flesh and skin 
color.
As shown in Table 11, with regard to skin color of 
segregating seedlings from the polycross maternal parent 
PI 343721 and from the control cross PI 343721 X W15-2, a 
large number of seedlings were in classes 5 (rose skin) and 
6 (purple skin). In PI 343721, polycrossed, 54.4 percent 
were purple and rose, and in PI 343721 X W15-2, 56.7 percent 
were purple and rose skinned seedlings.
Table 9. A comparison of selection techniques and classification of horticultural 
characters of polycrossed seedlings at two time periods - May 5, 1972* 
versus September 5, 1972**.
Maternal
Parent
Skin Color (% seedlings) Flesh Color3 (% seedlings)
61/ 51/ 4 y 31/ 21/ 1—/ 4 3 2 1
- WEEVIL NURSERY
PI 343721 *41.3 7.2 7.9 38.5 5.0 2.9 19.6 77.5
**47.1 7.2 7.9 32.6 5.0 2.9 20.2 76.8
W15-2 *34.7 13.9 11.1 30.5 9.8 19.4 11.1 66.6
**38.8 16.6 4.1 30.5 9.8 19.4 6.9 73.6
L3-77(Cent. )* 24.3 28.9 45.8 1.0 18.0 37.1 37.8 6.9** 26.4 27.0 45.8 1.0 21.9 37.1 34.0 6.9L8-343 * 45.1 15.8 39.0 4.7 80.4 14.8** 46.3 14.6 39.0 6.0 79.2 14.8L3-66 * 28.5 17.2 54.3 5.3 55.3 12.9 26.3** 27.9 17.7 54.3 5.8 56.4 12.8 25.0
MASTER NURSERY
W15-2 * 2.6 26.4 15.8 50.0 5.2 28.9 57.8 13.1** 45.8 29.1 20.8 4.1 32.5 62.1 5.4W51 * 18.2 63.6 18.2 18.2 81.8** 18.2 63.6 18.2 18.2 81.8L3-66 * 47.3 6.0 42.4 4.2 7.2 49.0 24.2 19.4** 49.7 6.4 39.3 4.5 10.4 52.0 23.6 13.8
L3-77(Cent. )* 5.9 17.8 20.2 50.0 5.9 35.7 23.8 29.7 10.7
** 6.7 9.4 50.0 27.0 6.7 45.0 30.7 18.6 5.5
♦Greenhouse grown seedlings from true seed planted January 1, 1972, and harvested 
and classified on May 5, 1972. Flesh color3 where 1 is white and 4 is high carotenoids. 
**Field grown vine cuttings made from seedlings harvested on May 5, 1972 and re­
evaluated for skin and flesh color on September 5, 1972.
1/ purple skin color 2/ rose skin color 3/ copper skin colorT/ tan skin color 3/ cream skin color 3/ white skin color
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Table 10. Statistical analysis for evaluation of the
efficiency of the technique for rating polycrossed 
seedlings on May 5, 1972 and September 5# 1972.
Nurseries Total
chi square contributing No. of
5/5 vs. 9/5/72 cultivars** seedlings
Skin Color
* x2 — 2.6236 Master, Weevil 806
df = 4
* X2 0.6439 Weevil 546
df = 4
* X2 ~ ~ 12.74 Master 170
df = 4
Flesh Color
* x2 — 5.9978 Master, Weevil 806
df = 3
* 2X = 1.339 Weevil 546
df — 3
* x2 s= 7.46169 Master 170
df = 3
*Not significant at the .01 level showing essentially the 
same distribution in all cases.
**A11 seedlings of cultivars L3-77, L3-66 and W15-2 were rated 
on May 5, 1972 and September 5, 1972 and analyzed for 
relative distribution of ratings.
Table 11. A comparison of progenies from weevil nursery* and control crosses as to 
distribution of segregating seedlings for skin and flesh color.
Skin Color (% progeny) Flesh Color (%)** No. of
61/ 5 y 4 3/ 31/ 22/ 12/ 4 3 2 1 iSeedlings
PI 343721a 
Weevil
47.2 7.2 7.9 32.6 5.0 2.9 20.2 76.9 138
PI 343721 
X W15-2
38.8 17.9 4.2 8.4 25. 5. 6 13.9 62.5 23.6 85
Wl5-2a
Weevil
74.5 7.1 1.8 12.3 4.1 19.4 6.9 73.6 172
L3-77a
Weevil
26.0 27.1 45.9 1.0 21.9 37 33 6.9 288
W15-2 X 
Centennial
38.7 19.8 39.6 1.7 31.9 51.9 17.2 125
aPolycross seedlings from maternal parent.
*Weevil Nursery had one wild type parent PI 343721 (purple skin and white flesh). 
**Carotene rating 5 = 20+ mg. carotene/100 Constantin (6)
4 = 15-20 
3 = 10-15 
2 = 5-10 1 = 0-5
1/ purple skin color 2/ rose skin color 3/ copper skin color
4/ tan skin color 5/ cream skin color 6/ white skin color
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As shown in Table 11, flesh color of segregating seed­
lings from the polycross maternal parent PI 343721 and PI 343721 
X W15-2, show a very large number of seedlings in the classes 2 
(light carotene) and 1 (no carotene). In PI 343721 polycross,
97.1 percent of the seedlings had little or no carotene, and 
in PI 34 3721 X W15-2, 86.1 percent had little or no carotene.
Few seedlings were in the acceptable range for flesh color.
Table 11 illustrates that the presence of one wild 
type parent results in a high percentage of seedlings with 
rose-purple skin and white or light flesh. Unless disease 
resistance is the reason for including the wild type in a 
breeding nursery, it is hard to justify the presence of the 
wild type (PI 343721).
Salient observations in Table 12 include the low 
heritability factors for PI 343721 X W15-2 in the area of 
flesh color, i.e. .13. Hernandez (21) and Constantin (5) 
reported white flesh to be dominant. Table 11 indicates that
86.1 percent of the seedlings of this cross fall within the 
range of 1 and 2 ratings for carotene, which are predominantly 
white fleshed. A survey of the raw data for flesh color in 
this cross reflects differences between replications for the 
most part between the one and two ratings for carotene levels.
In actual practice, if the root had any carotene, it was given
Table 12. Mean, standard deviation and heritability for fourteen horticultural 
characters of three sweet potato progenies grown 1971-72.
PI 343721 W15-2 X W51 X
Horticultural _______X W15-2_________  Centennial  Centennial





Yield (number roots) 
Root shape 
Vine length 
Storage ability Baking Index 
Vine color 
Vine color terminal 
















































Highly heritable biometric traits .5
.25 medium 
. 2 low
*The higher the digital expression, the more favorable the horticultural characters, 




a two rating and, if the root appeared white, it received a 
one rating. Environmental effects of flesh color in this 
cross, PI 343721 X W15-2, were high and this is evident in 
the lowest carotene level. For seedlings having higher 
carotene levels, there appears to be more consistency between 
replications, or a high heritability.
In other crosses, W15-2 X Centennial and W51 X 
Centennial with high carotene levels prevailing in the 
parents, flesh color was highly heritable. Thus, sweet 
potato breeders in the United States are favored for breeding 
high carotene levels and correspondingly high vitamin A level. 
At the other extreme, plant breeders pursuing white flesh in 
the sweet potato, will be favored by Mendelian dominance.
In all crosses, heritability is high for skin color, 
leaf shape, yield for number of roots, vine length, vine color 
and storage ability.
Heritability for root shape and fleshy root exterior 
in the presence of the wild type (PI 343721) as a parent is 
inexplicably low. This is in direct contrast to crosses of 
cultivars with characters of good root shape and exterior as 
shown in Table 12.
Progeny means for most horticultural characters indi­
cate far greater overall acceptability in crosses from parents
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with fixed or good horticultural characters than the cross with 
the wild type (PI 343721 X W15-2). PI 343721 X W15-2 reveals 
a progeny mean of 3.82 for skin color. This is a lighter 
skin than either parent. Purple skin found in the cross with 
the wild type is dominant as indicated by Table 12, yet enough 
white and tan seedlings occur to skew the numerical mean to 
tan.
Useful information was derived from a study in the 
evaluation of heritability and progeny means of crosses W15-2 
X Centennial and W51 X Centennial. In crosses between cultivars 
with good horticultural characters, progeny means and herita- 
bilities were high for all characters except yield. These data 
(Table 12) show that breeding parents W15-2 X Centennial, both 
of which possess good horticultural characters, showed good 
combining ability for most characters studied. The parents of 
the cross PI 343721 X W15-2 showed poor combining ability.
Most seedlings in this progeny were rated low or poorly for 
most horticultural characters. The parent PIJ343721 was rated 
low or poorly for most characters and it transmitted these un­
desirable traits when crossed with W15-2. Therefore, PI 343721 
when crossed with W15-2 showed poor combining ability, but 
when Centennial was crossed with W15-2, it showed good com­
bining ability. Also, the cross W51 X Centennial showed good
combining ability, as shown in data in Table 12. This is in 
essence corroborative evidence that the polycross system of 
breeding as used at Louisiana State University is theoretically 
sound. Good combining ability exists in cultivars with fixed 
characters used in this study as W15-2 X Centennial and W51 X 
Centennial.
SUMMARY
Insect pollinators of the sweet potato breeding 
nursery include an interesting assemblage of nectar feeders, 
predators and leaf eaters. Based on pollen load and method 
of working flowers, honeybees are preeminent agents of the 
polycross system for producing true seed in quantity. Honey­
bee and bumblebee pollinators in this study showed feeding 
preference for cultivars which flower most profusely. Below 
73° F., the number of pollen grains on emasculated stigmas 
decreased dramatically. At 50° F., the number of pollen grains 
on the stigma is negligible. In an area where the first winter 
freeze is expected in November, this factor of insect activity 
is important. This must be coupled with the fact that most 
cultivars in the breeding nursery begin to flower profusely 
about October 1. About 30 days are required from pollination 
to the maturation of seed. In fact, sweet potato pollinating 
insects had two weeks to produce one hundred thousand seed 
in the nursery system for 1972. Bumblebee numbers in this 
study were halved after a DDT or hurricane application which 
occurred in succession in 1971. Bumblebees are essentially 
ground dwellers shielded from winds, but not rain effects.
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Stable flower characteristics form the basis for 
botanical classification. Flowers present in the breeding 
nursery were placed in distinct niches based on color, 
position of the stamens relative to the stigma and corolla 
measurements. Eleven cultivars had all stamens below the 
stigma like Centennial, and cross pollination is a virtual 
necessity with these cultivars. Other cultivars with sub­
ordinate stamens were L3-77, LO-240, L3-93, L3-217, L4-89, 
L8-67, L8-71, L9-159, L9-190, L9-219 and L9-47. Following 
the hurricane of 1971, flower numbers in the breeding nursery 
were halved and did not recover before the killing freeze.
Control crosses were made in this study in three 
environments, e.g., growth chamber, plastic greenhouse, and 
the field. The growth chamber was favored, where compatibility 
exists between cultivars, for percent seed set as well as 
capsule set. Flower damage as well as environment affects 
incompatibility or compatibility between cultivars, which 
exists in graded measure. A new facet of incompatibility was 
established in this study with some seeds from one cross 
having no embryos. This suggests that difficulty existed 
in fertilization between one sperm nucleus of Centennial 
and the fusion nucleus of the female parent W51. A new 
emasculation technique with a longitudinal slit in the
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corolla favors the compatibility gradient. This study revealed 
W15-2, W51 and possibly L6-5 cultivars to be compatible with 
Centennial. Cultivars with low compatibility with Centennial 
include L3-66, L3-64, L3-217, L9-23, L9-39, L8-343, L9-192, 
L9-190, L9-163 and L7-177.
Endogenous rhythm exists in flowering response of 
one cultivar. Following cessation of light, flowering peaks 
remained for a time, corresponding to normal light and dark 
periods. When growth chamber lights were turned on again, 
eleven days were required to reestablish flowering patterns 
which existed previously. The sweet potato thus does not 
exhibit an all or none response in flowering, but as in the 
area of incompatibility, responds in graded measure. Tempera­
ture and fertilization may also affect this delicate biological 
clock.
Distribution of seedlings for vine vigor from one 
progeny at forty days showed a normal curve. Seedlings with 
greatest vigor had fewer nodes to the inch, or greater inter- 
nodal elongation. Sweet potato fleshy roots are formed from 
the nodes which are layered in planting. Subsequent evaluation 
of these seedlings for yield revealed only one seedling with 
the highest vine vigor to be found in the highest yield
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category as compared to five seedlings with highest yield in 
the lower categories for vine vigor.
Replicated tests of fifteen cultivars provided the 
means to assess cultivars for performance in horticultural 
characters and insect resistance with heavy controlled insect 
pressure. Centennial and other standard cultivars were con­
sistent leaders for expression of good horticultural charac­
ters, whereas the wild types PI 343721 and PI 343851 were 
very poor. In the area of insect resistance, only Heartogold 
and L3-64 showed high levels of resistance in every case.
Insect resistance for most other cultivars is a function of 
the insect and the cultivar. Levels of insect resistance do 
exist among cultivars, as in the case of W26-2, W2-61 and 
PI 343721 in addition to previously mentioned Heartogold and 
L3-64. Cultivars resistant to the sweet potato weevil at the 
.025 level are L3-64, Heartogold, PI 343851, PI 343721, W2-361, 
W26-2, W19-2 and W51. Centennial, L4-89 and L8-164 are 
moderately resistant to the sweet potato weevil. Moderately 
resistant cultivars with overall balance for horticultural 
characters have a place in the breeding program and as recom­
mended varieties.
It is an axiom that vegetative material is nearly 
constant though not immutable. The selection pressure exerted
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in the sweet potato polycross system is based on this premise. 
True seed from the breeding nursery, one hundred thousand in 
number, was planted in greenhouse beds. On May 5, 1971, at 
approximately 120 days, when the fleshy roots were from one 
to two inches in diameter, they were dug and selected. All 
selections made at this time were rated for skin and flesh 
color. These selections were planted in the field and har­
vested. On September 5, 1971, at 150 days, all of these 
same selections were rated again for skin and flesh color.
The distribution of seedling selections for skin and flesh 
color rated at two time periods was essentially the same.
In actual practice, at the second time period, greater selec­
tion pressure would be applied.
An evaluation of polycrossed and control cross seed­
lings for flesh and skin color revealed a high percentage 
of seedlings with white flesh and purple skin with a pre­
dominance of the characters for the wild type PI 343721 
whenever this parent was used. The wild type thus represents 
a regression for these characters, unless one is prepared to 
accept off type characters in the interest of insect resistance 
or some other factor.
Progeny means, heritability, and combining ability of 
seedlings for good horticultural characters were high in the
crosses from cultivars of the breeding nursery with fixed 
characters, as in W15-2 X Centennial and W51 X Centennial, 
but low in the cross W15-2 X PI 343721. This is data of 
substance in support of the polycross system of breeding. 
Progeny means for good horticultural characters with the 
cross composed of the wild type (PI 34 3721 X W15-2) were 
low. Heritability for most horticultural characters was 
also low. Environmental influences were high on some 
characters in the cross with the wild type.
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